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© Method of providing a pattern of apertures and/or cavities in a plate or layer of non-metallic 
material. 
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© After a plate or layer of non-metallic, particularly 
hard and brittle material has been provided with a 
(metal) mask having a plurality of apertures arranged 
in a pattern, it is exposed to at least one jet of 
abrasive powder particles, which jet is moved rela- 
tive to the plate. The mask has its surface facing the 
surface on which the jet impinges secured to the 
plate or layer of non-metallic material by means of a 
layer of adhesive material having a thickness which 
is smaller than the size of the abrasive powder 
particles- 
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The invention relates to a method of providing 
a plurality of cavities and/or apertures arranged in a 
pattern in a plate or layer of non-metallic, particu- 
larly hard and brittle material. 

Plates or layers of this type, which may par- 5 
ticularly be made of hard, brittle materials such as 
glass, (oxidic) or ceramic material, are particularly 
used in micro-electronic devices such as electro- 
luminescent gas discharge displays (plasma dis- 
plays), in field emission displays, cathode ray dis- 10 
plays and in displays in which electrons are propa- 
gated in ducts having walls of electrically insulating 
material (referred to as insulating electron duct 
displays) in which the apertures or cavities are 
used for manipulating electron currents. They may 75 
be formed as (multi-apertured) control plates and 
provided with (addressable) electrodes cooperating 
with the apertures, as transport plates having a 
plurality of parallel cavities (transport ducts), or as 
apertured spacers (for example, between a control 20 
plate and the luminescent screen of a luminescent 
display). 

US Patent 4,388,550 describes a luminescent 
gas discharge display. This display requires a con- 
trol plate controlling the individual pixels. This con- 25 
trol plate divides the inner space of such displays 
into two areas, a plasma area and a post-accelera- 
tion area. It comprises a "perforated" plate having 
an array of lines at one side and at the other side 
an array of columns of metal conductors or elec- 3d 
trodes surrounding or extending along the perfora- 
tions. These enable electrons to be selectively ex- 
tracted from the plasma area through the apertures 
to the post-acceleration area and to be incident on 
the luminescent screen. Other gas discharge dis- 35 
plays comprise, for example plates having (facing) 
cavities. 

In a control plate, the number of perforations or 
apertures in a plate of the type described above is 
defined by the number of desired pixels. 40 

Present-day television line scan patterns use, 
for example approximately 500 x 700 pixels having 
a horizontal pitch of 0.5 mm and a vertical pitch of 
0.7 mm. These pixels define the pattern of ap- 
ertures to be provided in the control plate of elec- 45 
trically insulating material. 

It is known from EP 0 562 670 that these 
patterns can be manufactured by means of an 
apertured mask and a powder spray process. This 
process is possible by virtue of the large difference 50 
in production rate between the (metallic) mask ma- 
terial and the (non-metallic) material of the object 
which is to be provided with a pattern of apertures 
(particularly glass). A problem which appears to 
occur when using a (metal) mask which is glued 55 
onto the plate to be patterned is, however, that the 
mask is sometimes (locally) detached during spray- 
ing, inter alia, with the result that it is no longer 



seated correctly on the product to be provided with 
a pattern, which is at the expense of the accuracy 
of this pattern. Also when the mask is not de- 
tached, there is the problem that the apertures 
made often become larger than is desirable. 

It is an object of the invention to provide a 
(preferably simple) method of manufacturing a 
plate which is particularly suitable for the uses 
described hereinbefore and mitigates the above- 
mentioned problems. 

The method according to the invention is there- 
fore characterized in that the pattern is made by 
means of the following steps: 

- producing at least one jet of abrasive powder 
particles; 

- directing the jet onto a surface of the plate or 
layer; 

- limiting the areas where the jet impinges 
upon the surface; 

- performing a relative movement between the 
jet and the plate, using a mask for limiting the 
areas where the jet impinges upon the sur- 
face, which mask has its surface facing the 
surface on which the jet impinges secured to 
the plate or layer of non-metallic material by 
means of a layer of adhesive material having 
a thickness which is smaller than the size of 
the abrasive powder particles. 

The invention is based on the recognition that 
there is "underspraying" or "underetching" during 
the spraying process, which is caused by the fact 
that the abrasive powder particles remove parts 
from the adhesive layer during spraying. As a 
result, powder particles may get underneath the 
mask, so that this mask is locally detached. More- 
over, these particles may attack the parts which are 
not to be sprayed. The apertures to be made will 
consequently become larger than is desirable. By 
using a very thin adhesive layer having a thickness 
which is smaller than the size of the abrasive 
powder particles, said unwanted phenomena hardly 
appear to occur. 

When a separate (metal) plate is used as a 
mask, it is advantageous to stick this mask onto the 
plate to be sprayed by means of an adhesive 
which can easily be removed after the spraying 
process. (For example, glucose-based adhesives 
can easily be removed with water). 

If the (metal) mask is glued by means of a thin 
adhesive layer, it is important that the adhesive 
strength of the adhesive is sufficient to prevent 
detaching of the object to be patterned due to 
build-up of mechanical tensions in the mask. This 
may particularly occur in masks having a high 
transmission (small gluing surface). 

In those cases where the thickness of an adhe- 
sive layer based on glucose must be chosen to be 
so thin (in connection with the size of the powder 
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particles to be sprayed) that the adhesive strength 
might be insufficient (which thus also depends on 
the available adhesive surface), an acetate-based 
locking agent may alternatively be used (of which 
polyvinyl chloride acetate which is soluble in ac- 
etone is an example). Such a locking agent may 
advantageously be spincoated in a diluted state in 
layers having a thickness of several microns. Said 
polyvinyl chloride acetate can satisfactorily be 
diluted with, for example, methyl ethyl ketone. 

These and other aspects of the invention will 
be apparent from and elucidated with reference to 
the embodiments described hereinafter. 
In the drawings 
Fig. 1 is a cross-sectional view of a plate pro- 
vided with a perforated mask; 
Fig. 2 is a cross-sectional view of a second plate 
provided with a perforated mask; 
Fig. 3 is a cross-sectional view of a field emis- 
sion display; 

Figs. 4 and 5 show diagrammatically how a 
pattern of apertures is provided in a plate by 
means of a powder spraying device. 
Electrically insulating (particularly glass) control 
plates, transport plates and/or spacer plates having 
very accurate patterns of apertures and/or cavities 
are required for use in different types of (elec- 
troluminescent) displays. The plate thickness may 
be between 50 and 5000 microns, particularly be- 
tween 50 and 700 microns. A characteristic ma- 
terial for these applications is glass or ceramic 
material. 

Fig. 1 is a cross-sectional view of a glass plate 
1 of 0.7 mm thick, provided with a metal mask 2. 
Suitable metals are those which are easily etcha- 
ble, such as Fe and Fe alloys. They preferably 
exhibit little "shot peening". In this respect Akoca 
(trademark) is a suitable material. 

The mask 2 is secured to the plate 1 by means 
of an adhesive layer 5 so as to inhibit local detach- 
ing during the powder spraying process. The adhe- 
sive layer 5 may comprise an adhesive which is 
soluble in water (for example, an adhesive based 
on glucose). Such an adhesive can be easily pro- 
vided at low cost and simply removed after use. 

The apertures 3 denoted by broken lines in the 
plate 1 are slightly tapered in the embodiment of 
Fig. 1. When plates are used as internal vacuum 
supports (spacer plates) in field emission displays, 
such an aperture shape is not unusual. However, it 
is alternatively possible to make substantially cylin- 
drical apertures or cavities with substantially par- 
allel walls. Plates having cylindrical apertures are 
suitable, for example, as spacers between a control 
plate and the luminescent screen in an insulating 
electron duct display. 

In the situation shown in Fig. 1 , the upper sides 
of the apertures 3 have become larger during the 



powder spraying process than the apertures 4 in 
the mask. This is due to "underspraying", in which 
powder particles having an average size which is 
smaller than the thickness of the layer 5 remove 

s parts of the material of the adhesive layer 5, so that 
powder particles may get underneath the mask 5 
and may attack parts of the plate 1 which are not 
to be sprayed. 

In the situation shown in Fig. 2, this under- 

10 spraying phenomenon is prevented. Also in this 
case a perforated metal mask (22) is glued onto a 
(0.7 mm thick) glass plate (21) by means of an 
adhesive layer (25), but the adhesive layer 25 now 
has a smaller thickness than the size of the powder 

75 particles used in the spraying process. The thick- 
ness is preferably smaller than half, or even small- 
er than a third of the particle size. A glucose-based 
adhesive layer 25 having a thickness of 10 microns 
was used, for example, in a spraying process with 

20 particles having an average size of 30 microns, and 
a 5 microns thick polyvinyl chloride acetate adhe- 
sive layer 25 provided by means of spincoating 
was used in a spraying process with particles hav- 
ing an average size of 17 microns. There was no 

25 underspraying in these cases, as is shown in Fig. 
2. 

Fig. 3 is a diagrammatic cross-sectional view of 
a field emission display comprising a substrate 40, 
conical emission tips 41, a spacer plate 42 with 

30 apertures 43 and a front wall 45 with a luminescent 
screen 44. The spacer plate 42 may advantageous- 
ly be made by means of the method according to 
the invention. 

Fig. 4 shows a plate 28 to be sprayed, which 

35 plate is positioned on a support 29. The support 29 
is movable in the direction of the arrow P per- 
pendicular to the plane of the drawing. The plate 
28 is provided with a mask 30 having the shape of 
a perforated metal plate. In this example, the mask 

40 30 has a regular pattern of circular apertures (see 
Fig. 5). A device 31 for performing an abrasive 
operation (powder spraying device) is shown dia- 
grammatically as a spraying unit 32 having a noz- 
zle 33 directed onto the surface of the plate 28. 

45 Dependent on, for example, whether apertures or 
cavities are to be made, the nozzle/mask distance 
may range between 0.5 and 25 cm, typically be- 
tween 2 and 5 cm. During operation a jet of abra- 
sive powder particles, for example silicon carbide 

50 particles, aluminium oxide particles, granulated 
glass, granulated steel or mixtures thereof is blown 
from the nozzle 33. A pressure principle or a ven- 
turi principle may be used for this purpose. Abra- 
sive particle dimensions suitable for the object of 

55 the invention range between 1 and 200 microns, 
typically between 10 and 100 microns. 

In this embodiment spraying unit 32 with noz- 
zle 33 can be traversed in a direction transverse to 
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the arrow P by means of a traversing device 34 
which has a spindle 35, but other ways of motion 
are alternatively applicable. 

Stops provided with electric contacts are de- 
noted by the reference numerals 36 and 37 and 5 
are assumed to be connected to a reversing circuit 
so as to reverse the sense of rotation of the spindle 
35 to be driven by a motor. 

During operation, the support 29 and the plate 
28 make a f for example reciprocating movement to 
parallel to the X axis and the spraying unit 32 
performs axial traversing movements parallel to the 
Y axis (Fig. 5), the speeds of movement being 
adapted to each other in such a way that the 
complete desired aperture or cavity pattern is ob- is 
tained in the plate 28. Instead of one nozzle, it is 
possible (for example, for the purpose of accelerat- 
ing the process, but particularly for a better ho- 
mogeneity of the desired pattern) to use a number 
of nozzles. This number may be 4 or 6, but may 20 
alternatively be 100. For a good homogeneity it is 
useful that each nozzle is moved across each 
piece of the mask. 

The inventive method is also applicable, for 
example, when "cutting" (cylindrical) discs from 25 
plates, as is done, inter alia, when manufacturing 
diode bodies. Also in these cases it may be impor- 
tant to prevent underspraying, which phenomenon 
may detrimentally influence the correct dimensions 
of the discs. 30 

Claims 

1. A method of providing a plurality of cavities 

and/or apertures arranged in a pattern in a 35 
plate or layer of non-metallic material, in which 
the pattern is made by means of the following 
steps: 

- producing at least one jet of abrasive 
powder particles; 40 

- directing the jet onto a surface of the 
plate or layer; 

- limiting the areas where the jet impinges 
upon the surface; 

- performing a relative movement between 45 
the jet and the plate, using a mask for 
limiting the areas where the jet impinges 
upon the surface, which mask has its 
surface facing the surface on which the 

jet impinges secured to the plate or layer 50 
of non-metallic material by means of a 
layer of adhesive material having a thick- 
ness which is smaller than the size of the 
abrasive powder particles. 
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© Method of providing a pattern of apertures and/or cavities in a plate or layer of non-metallic 
material. 
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© After a plate or layer of non-metallic, particularly 
hard and brittle material has been provided with a 
(metal) mask having a plurality of apertures arranged 
in a pattern, it is exposed to at least one jet of 
abrasive powder particles, which jet is moved rela- 
tive to the plate. The mask has its surface facing the 
surface on which the jet impinges secured to the 
plate or layer of non-metallic material by means of a 
layer of adhesive material having a thickness which 
is smaller than the size of the abrasive powder 
particles. 
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